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POLYAMINE/UNSATURATED ORGANIC ACID COMPOSITION FOR BARRIER COATING 
yield of the Invention 

The invention relates to coatings containing a polyamine and an ethylenically unsaturated acid 
which have barrier properties useful in packaging applications. In another aspects, the 
invention relates to a method of manufacture thereof. 

5 Background of the Invention 

It is well known that coatings containing silane compounds and itaconic acid improve the gas, 
oil. and flavor barrier performance of organic polymer fUm substrates. Moreover, the adhesion of 
the coating to the film surface, as well as the improved barrier characteristics provided by the 
silane coating, are greatly enhanced by exposing the coated film to electron beam radiation. 

1 0 A particularly useful barrier composition is described in U.S. Patent No. 5,2 15.822, which 

teaches a methanol solution of a vinyl benzyl amine silane (Dow Coming Z-6032). itaconic acid, 
and water; coating this solution on a corona treated low density polyethylene film, drying, and 
then subjecting the coated film to electron beam radiation grafts the coating to the film surface 
further improves the barrier properties of the sUane coating. However, whUe this coating gives 

1 5 excellent gas barrier properties at low to moderate relative humidity values, the gas permeability 
increases drastically at very high relative humidity values. 

The present inventors have surprisingly discovered that the combination of a polyamine and an 
ethylenically unsaturated acid gives excellent gas barrier properties at low to moderate relative 
humidity values, as well as excellent gas barrier properties at very high relative humidity values. 
20 The acid group and the amine form an amine salt which imparts excellent barrier properties to 
the composition. The composition may be crosslinked to further improve barrier. 
None of the prior art: teaches the present invention. For example, U.S. Patent No. 4,76 1 ,435 
claims UV curable polyethylenicaUy unsaturated compositions in combination with a polyamine 
resin, which use an aryl ketone photosensitizer. The "435 patent teaches that acid functionality 
25 in the compositions is undesirable (col. 5, fine 24). The patentees indicate that the formation of 
amine salts is to be avoided, because the photosensitizer reacts only with an amine, and not an 
amine salt. This is in contrast to the present invention, which teaches that the formation of acid 
salts is desirable and results in superior barrier properties. 

Another example, U.S. Patent No. 4,943,600, teaches the combination of a tertiary amine 
30 Containing resin, allyl terminated resin, and a maleate functional resin. Ukewise die patentee 
teaches that the compositions are formulated to minimize or eliminate carboxyl functionality, 
which contrasts directly with the present invention. 

U.S. Patent No. 5,017,406 claims UV curable compositions which contain reactive unsaturated 
compounds, but does not teach the use of a polyamine or an unsatiirated acid as does the 

35 present invention. 

JP (Kokai) publication 7-1822 1 published on January 20. 1995 teaches a surface treatment 
composition for gas barrier comprising an aminosilane and a compound having an aromatic ring 
or hydrogenated ring. The present invention is distinguishable, however, because it does not 
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^ ^ or ccuc c=„pou„a. ha^C a„ -.a.c nor does the ,^ce 

-::::i:::r:rrr:p.r.^...o„=-^-»- 

effiytoucaUy unsaturate add to achi«. gaa banto prol»rt«. 
^ "^^'^''fT^eaacompoai.i^.wh^hprovides^.navor.ar^ar^naW.r^ 

^^'orn^d ...:d„S an «^.»i=a». ™te add and a 

said polyannna tea four or more A. B. ore units, where: 
0 L3n.R^.NpM2-'>.Bi.->"--l''^-ta-^-^<='='"'-''''^"-""'' 

;r is indcpend^* seieot^i .ron, hyd^^n, alicyl. subsututed aU«,l, aryi, su— 

aryl, aiylalkyl. and alkylaiyl, and 
r2 is independently selected from the group consisting of: , . . „ , 

linear or branched alkylene groups or substituted alkylene groups hav„.g from 

Id 

to 18 carbon atoms, and 

arylene gmups or subsd^rted arytene groups having .Torn 6 to U carbon atoms. 
. ^ c„h^trate then optionallv treated to initiate a free radical 
:rr::rr::r.acoaLgtoa».ie.o,.ba,rateauaed.pae^ 

which imp,o»a re^stano. of the ma,«ial to ^isinisaion o, g««. and a-oma^ T^" 
Z e«n^, a 30 micon uncoa^d bia^y o.«i..d, c»ona tr^ted ^'y^'^ ^^ 
LrJ,^ to have a p«meabiliV t. ^ of ,500 cc/m^/day as measured at 
,S ^:measuredat80%re^humidity. with .he p^en. ccadngs, the o^n 
" mnra..of,hesam.,1imc.nb.reduced.ol..stba„aS0oc/m^/dayaameasureaat 

80% relative htunidily. 

T1. irriptinn ^»r*ferred Embodiments 

invention is suscepdble I^^iii^ent in many different fonna there » descnl«^^ 
30 ~d",aiiprefe.redandaitem.teembcdim.n.softKein,en,ion, " 
30 henanm P ^.^^plificadon of theprmapleaof 

rrir ::r:rt::rt„^..bespMtan.^«f.e— and/orc^aof 

the embodiments illustrated. 

35 Th^^r^es of the present invention are polymeric, homopolymeric or copolymeric 
polyamines having four or more A. B. or C units, where: 

A is an -r2 - N(r1)2 unit. B is an -R^ - N(R2-)2 unit, and C is an (-R^laN - umt. 
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Rl 
r2 



is independenUy selected from hydrogen, ^l, subsdmted allcyl. aryl. subsdmted 

aiyl. arylalkyl, and alkylaiyl, and 
is independently selected from the group consisting of: 

i^earTr branched allcylene groups or substituted ^lene groups havm^ 

to 18 carbon atoms, and 

aryicnc k „,i,„rit„t«i alkvl aryl, substituted aryl, 

Rl is independently selected from hydrogen, alkyl. subsUtuted alkyl. ary . 
.,i^,^laryl.andH2isindependentlyselectedfromtheg™^^^^^ 

.anched^lenegroupsorsubsti.tedall.i™s^^ 

arlylene groups or substituted arylene groups having 6 to 18 carbon 

r2 can be substituted with hydroxyl groups. v_ „ , =n tn 

„,vdiisccvana,e. he=<am.tt.yl™= diiwanat.l. dUm.,h|»:ryiate .s»rs (..g 
™hri,»ld»crvla«e) diepoidd«(=U.ylcne glycol diglyddyletlierl. 

Examples of polyamm^ uaetul for the mvenoon ine ^tethylemnine and the 

polyaayl amidea. poly-DADMACs potrvtayl pym-hden. copolymera. po^ethyl 

^„„ p^ddCt of «hytae diamine ^ epicblorohydic oopoly»e.s 

. , • *v,ot«,n he used to achieve varying degrees of tackmess IS tne Class 

. '-y^J^^^^. ^ aa poiyeU^yien^e. which is .ad.y a,aiiahie 

rrofZ^"::^--. - ^-^^ — -f va-ying — -eigh. 

ethvlenimine does not result in a p^iym^^ 

™, h„. have a de^ of h.a„chi„. dependMg on ac« concen^ 

J38 pe^n. The fonnuta of poiye.hy,»^ can be rcp»aen«d „ the fenn of A, B. 0 

umts,«here: «|p2.,, urit. and C U an (-R^faN " 

. ia an . „,R . „ B » ^ * "^^^^^ ^ of A «, B » C uni.a c«. he ,»n.n 

r LT:,:! u"T ■^Orh.fron. aho. i:i:. » ahouc 
3 ahou. 1:0.5:0.5 ». 'f^^ J „e*ods weU known in m. a„, 

Addldonal 7 '-r^t L aubLte. o, U,e adhesive propenies. Examples of 

^Change U,.afan.fl.o^«»co^8»J^ ^^^^^ 
polyethylenimine modxficaUon mclude reacuon y 
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. u ^ ^,1 ««uos reaction with cyanide and aldehydes followed by 

, • >,tc of the nolvethylenimine are from about 600 to about 25.000. 

Typical polyethy ^ ^^^0 

Coming Toray SiUcone (Japan), ana or iuj 

weight polyethylenimines available from Nippon Shokubai. (Japan). 

A predetermm h unsaturauon. The 

Rv vthvlenically unsaturated aad it is meant cuiy ci-i 

l; acid . .0 .e a.... in *e a^oun. o, up » abou. S^^ 

^.„ru«e»npo.ito..»i*a^u.5t„ab»u.75par.sby»=.sh.b»,6»os.pr.f.^^ 

att,vl<»ically unsamrated acids for use in the p-aent inv«.t«m are dKarboxylK 

Z ZL ofl-eTacids SUCK a. tun^c. ^»c, citra»„fe acryUc, meU^cy^C — 
2::r»onon.e„v,n*.oap.on.cacid,ao..acid.».e^^ 

suiphcnie acid be used as »et ..a «nn -"-^^ ^ 

• . M-,T,ivmres of one or more of the aforementioned acids. Preferably, tne mo 
20 meant to include mixtures oi one w i" . . , • r,„„ -,hont 10- 1 to 

f nitrogen in the polyamine to add groups on the acid is from about 10. 1 
ratio of gram atoms of nitrogen m the poiy b i^^beingmost 

about 1- 100 ^vith about 5:1 to about 1:10 being preferred and about 2.1 to about 

Trred hi ^ct the acid can be added, to the solubiUty limit of the ethylenically unsaturated 

r::tr:;X«ached.amountsofuptoaboutSOpartsbywe^ 

"nrponentsofthepresent — canoptionan^ 

, u anri blends thereof will serve as suitable solvents because the 

acidaresc^bie...^. 

TT^^^ a™ e.b., deHva«.s or .ono or po^cois. ^ as 

30 --rrr::r:trirrr.orr:Lr^ 

„o. extend U>e dt^n, ^^^'^^ ^ ^ and U pre.^., ^ 

Dow Chemical Company. Midland. Michigan). 
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Ootioiial Crosslinkers 

«L me poly^^e and me emy,e„icaUy un^»a«<l acid may te con.|»ned » ^U.. 
„„p„^.o„so,m.pre».ti„ve„,io„.i.i.hi^yP-<^>Ha.ac— »a^^ 

^p^ve mc ^e, proper^e. ,«,uce and Mp,o» app.3^. U » ^ 

Ki^er crosslink density ™»uits in improved prope«ies. A. used herem me «nn 
!^^l,in.c.r-|sdeiined»meanana^.wMci.ca„furmer=h,inex^dand/o,c.P^I^^ 

;;an^e. Thecroasiini»r ma, ^ anor^ crossiinicer »mo» prei^y. ar.^ ad^ 

crosslinker, or mixtures thereof. 

Orgamc Crosslinkers unsaturated acid may be combined alone to form the 

1 While the polvamme and the ethyiemcauy un;.<ii.ui« . ,^v,«,. 

Z..^'ormep.e,en.inven.on,i.isp.r»™dm>.accmpcu„d..a.^dm^^^^ 

chI «.»nd and crosaiM. me polyamine chain, it is beUeved ma< a higher de^ « 
polymen^^onand cn^siinidntofme poiyamin. is desirable .op^vde ■»P-«'^ 
denies and appearance oi me bamer coadn^ of me present invennon. The »-PO-<U 
5 J„l»ci,aine:a«>d and crossiinlc me polyamine c>»i„ include, but are no, .»n^»i». 

mluncuonal ac,.la»s. memac^lales, e^des. isocyana.es. mio^<es. ac»i 
Lvdrides esters alkyl halides. aldehydes or combinadons mereof. Sp«^ e.-.amples mdude, 
rTe^edlo, diacla., ^yl memac^U. emylene^coldislycidyl emer, 

.0 ::~r:chain».»ndedandcros^eimerprior»oraubs.^.»co^^ 
m r!^ono„as„bsua». Compound uaeM « *ain e«end and cro«»n. me polyan^n^^ 
Zl. Ld. mos. ma^rlaU Which »ill under^ an acM ea».y»d condensauon reacdon w.m 
memL«.au.mofmepolyamine.suchaaMs-m.mylolph«»l.aldehydessuchas 

::Xie ana ^. p.b«.»^h.. and mixnire, oi iormaldehyde and acm,e memylene 
OS comoounds that wiU undergo a Mannich reaction. 

^.ylenicaliy un,an»»d add can be crossUnked .dependendy . m. po.am^e by m. 
addiaonofmuttiiimction.1 eompnunds which wi. copolymers »^m me emyl«»caft^ 
unaamr^ed add. These compound, include muldfuncdonal acyla^a and 
l«on. me emylenic^y unsamra»d acid may be cr^slin^ direoiy int. me «»»^ 
30 polyamine su^cure by me addidon of acryla. and memacla» ^.ncno„.l »Un.. Th^ -^-a" 
L memacrylate funcdon^ s^e com^und, such as ''r^^"^^"^ -T"^ 
memacrylc^propyl^memoxy may be add«i » me compoai^ona of 
subsequent .o me emylenically uns.m««d add to crosslink me polyac^. 
condcnsadon of me altaty or aeyloxy group, subset^ent to »aung wdl tonn a po^enc 

1 muld functional ^ whidr wiU copo,y««i» wim me .myienically unsaturated 



35 

acid. 
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T^e organic crosslinkers are preferably added ir. a polyamir.e/orgaruc crosslinlcer ratio of^out 
";nn^lutl:10.withapre.rredr.tio.einsa.utl^^ 

ratio being about 5: 1 to about 2: 1. 

The most prden^ P ^ -rfo, „ addition of tl» ethylemcally unsaturated 

^t. a n....e„ ^'^^^ 1 as a » tHacyiaxy si,- ^up w>^ 

rnCzri— ----"-''"°''^' 
"rrrC^T- r^siiicone — .oieeu,es . .r^ Si-CSi ^ups. 

fonnuia ^^m^-.. wher. Q is any containing on. . ..te 
u .Herniates acrvlamides. methaciylamides. isocyanates. 

Lilted atyi, and a .s 0, i. ot and R is a poup havins rrom 1 to ^^-^ 
■ spelciv, the ^active siiane includes moi«:u.es sueh as ^-aetyioxypro^l 

lethoKysiiane, ,„ethac,yio:^py. '^'■-^'^••^t "ZTlina- 
nunetho^siiane. chioroptopyi ttimetho^silanc, chloroptupy. tnetha^s.^=. 
^a^propvittietho^^silane. .inyitHeth^, vi,y.tHmetho^s.ia,.e. ™y^(2^ 
^heKVli siiane ethyltnmethw »l.n., chloroptopyl tri«ho:.y silane, ehlorc^l 

r ZLt^lne:,netK,,ain.etho,..ii»>.an<.*----"^^^^^^^ 

T ,o,rfe,r«ireacti>resila»es are chlotoptopyltrlmethoxysilaneavaJable from the Dow 

The ">»• ^ tHetho^yailane available iron, the Do» Conung 

o «,Hnn as Z^40 It may be necessary to neutralize the polyamme after the 

nauldng p.«ipit.t.. „iya„^e/reactiye silsn. wdfht ration of about 

r::::u"r:r:--/'o-----^^ 



30 

5:1 to about 2:1 
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coat weight ^^^^^ ^^^^^^^^ ,e 

The coating can be applied in any ae » on a,T,«»/m2 the most preferred 

,«,o«nt such that the coat weight is up to about 20 gms/m . the mos p 
apphed man amount such that ^ .o coat weight can be determined by 

t:t:°e:«t::a:l»^-sleby any eonvendonal 

rrTuorz;=or^"^-»'"-— 

and direct, offset, and reverse gravure coatmg. 
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The coadng c«, b. di^s.. on a wide variety of su^sTa^e, taduding, bu. not 

polUlene copolymers, polys^ne, p«lyes»rs, such as ^y»^y^ '^^^Z. 
r ,rirt„d ethylene vinyl alcohol (EVOH).polyvinylata.hol and copolymer, thereof, 

:ry!::rs:r::;.:dM>a,e,.^poi,a.^^^ 
---rrrit^'rrrr':^::^^^^ 

r:':r:rc:::Per,p.perho.rdorcr.,t.per.and.e^^^^^^ 

s^ vapor deposited metal oidde coat«i polymer Olms, such as MO,, SiO„ or T,0 
Z ZJ^^r^ areia^l, to be in the fonn of a flhn or sheet. dK,u^ dus .s no, 
I^Trhe substrate may beacopolymer. ala^inate. ao^xmrded, ablend, acoaang or a 

ITL^f any of the substrates ilsted a^ve acco^^g to d,e compatibility of the nu.^ 
reach other. In addition, the substrate may be in the form of a n,d „ mi- 
„at»iais »ch as polyethylene, polypropylene, polystyrene, polyamries. PIT, EVOH, or 

laminates containing such materials. nlasma 
The aforesaid subs^tes may also be p^treated prtor ,0 coadng by cotona .rea.m«.t, plasma 
vestment, acid tr«>.ments and Ham. treatments, all of «hich are k„o», m the art. 
rL„n.d,ecompositio„softhep,««.t.»ndo„oa„-»-»^-^^^^ 
vanen, of packaging containers, s^i. as pouches, tubes, bottles. v»i., bag-m-bo«,. s«nd P 

L.Th.Lpo,iti»»of.hepr.,«.th.ven.^mayb.usedaalamMannga*e.v« 

Of course the present imrention is not limi.«i «.iust packaging appUcauons, and may be used 
J^Tpplicalwhet^gas, or aromabarrierproper^esare deseed, such as tires, buoyancy 

r r^ateal Itbods kno»n . the art such as sp.y coaUng, roll c^ting^ «^ 
meniscus coadn^ ^-ion ccadng, and ditect, offset ami reverse ^^^Tsultst 
, include, but sr. not taited to carbodiimide, polyethylemmme, and »lanes. such as 

p.aminoeth,ll-3-aminop«wltto«<h»«' ^ »ninopropyltri..ho:»sJan.. 

„, „f .he nresent invention vdU form films at ambient conditions, optimum 

While the compositions of the presem uivcma 

beam, gamm ^^^^^ 
ZTma^uZi:": Itslntageoverultraviolettadiationasacuresystem 
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e„,^*nsi.,andch=oucalgrafti„Sot<l..coa.ing»a»su.«r«e. 

C v^ou. ^ .ucH a, van G^.^, <r.^-m^ 

about 5 to about 2000 KeV. preferably from about 50 to about 300 

a,esuJ.ra„i»«a«dinavacuun.. C»«»,ciaUy av^lab,. ».n»s of .le«n,n b»ma« 

^ compos also ^ U^t cured . one or mo„ pho— rs . adde. pnor 

mrthere are no a,^ ..sMcdona on pho.o.id.»ra as >„„s as can ge^^ 
^l,^eabson.d»oropUcal»«sy. U.:ravio,eU,shcsens..vepho»_o 

of tairiaJ^ use. in the UV cu™ o,.he present compoaidon include 2-hy<.rox,-2-m d>y.-l- 
llXpropan-i-one (Da^cure 1173,, sol. EM Chemicals, and ... D^ed.o^«l- 

^1 of Jinven^on, i. Ha, ^n found .hat fro„ about 0.05 to ahout 5 we«^. 

on the total solid, in d,e cotnposiuon, of the photohUdato,, descrihed thetem ^ «us. 

the composition to cure, u^«rr,«inwH 
other type, of free radical generator. Itno^ to those a,dll«i in the art ma, alao employed, 

.inch as oromoted peroxides, azo compounds, etc. 

rdll, outer Methods Of cu.ingn«y.»r«.uired..cro,s,i„l»riaadd«f to ^ 
For exantpie if a reacd« silan. c^salinker is «ided, the c«nposi«on .nay be cured ™ a 
oondenaaL t^, which r^, the ^aence of — . ^« ^ " 

th. ooatin, soiudon itaeU. or may be add«i thn^ steam or in a htgh humtd^ty o.en. The 
.eacdon ly be acceiatated though the present of heat, for e^ampi. by heaung ™ a. 
tempetntur^, up «. about 140-C. »i.h temperatures of Irom about 60-C to about 120 C bemg 
^ZdandtLperaturesofabout^O-Ctoahout UCX he^g most p„fe^. H^..g»ne. 
Lnp^ature dep«.dent and the coating will reach tacU free time in on. to 10 seconds. The 

step seLs to e^porate d.e solvent, and ac^ierate the condenaadon --on between 
ai^oi^ps. The addidonal cure chemiatrie, required wiU depend on the parhcular 
"cmsslinkinB systems employed, which are weU kiK>wn in the art. 
Optional Additives 

vLusopt»„^additiveacanheaddedt,th.compoaition.oimproyeyanou.prop«n»«^ 

retpired. These addidve, n^a, be add«i „ deair^l and in any amount as long as they do .tot 
, Zded.eperfo.»an«.ftH.ba.riercoati„gsaaU.»stratedher.in Such addthve, mCude 
a^hloc and alip aides, ».ch aa steanunide, oiemide or poiar addidvea, such a, epo»des, 
T^IJL,^. Polyola, ^^o.. ^.cidyi m«hac.a«, ethylene g^ digiycidy^ther. 
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tt.ph«. A di*cidyl.<h«, or -h as poly«hy.eni™ne and o««r »U-». Wcttin, 

agtnls, such as polyethoxylated phenol may also be added. 
Preferred Embodiment 

,„ accordance a preferred embodiment of d>c pr«en. invention, 7.93 par,, of a soU^non of 

medio^de ,30.. soUds in med^noi, are added » .00 .«r.a of SZ-eO^ 50. a^ » 
isopropy. alchcl ,1PA). 3.6 part, NaCl are produced by d» neutrali^Uon and are ehmuia^d 
celfugmg me soludon. me reauldng soludon is diluted to 30% soUda b, add,ng61.5 parts 
IPAper lOOpartsofthe^ilution. 100 parts of .he„eu.,ali«d SZ.6050 (30% soUds„s d,en 
reacted «i.h 76.5 parts of Itaconic add and diluted »i.h 301.75 par«, »ater and 231-75 Parts 
^pylalcohol, T^sdutionUcoatedontoasubs^tethentreated^a lOMraddoseof 

175 KV electrons, where it formed a film. 

-nxe oxvgen permeabUity values for each film are given in units of cc/ square meter per 24 hours, 
"dr." values measured at Qo/o relative humidity usmg a MOCON Oxtran Model 100 and wet 
values at 80-82% relative humidity utilizing a MOCON Model 2/20 MH. 'H.e MOCON 
instruments were obtained from Modem Controls Corporation. For companson. the 
polypropylene base film had a permeabiUtyofabout 1500 cc/m2/24 hours. 
Lreexamplesl-6citedbelow.thepolyammevvasa700molecularweightpolyeth>.en^^ 

(PE.) Obtained from Aldrich Chemical Company. Itaconic acid .vas also obtained from >Udnch 
Chemicaa Company. A wetting agent. "Eccoter^ EO-lOO" was obtained from Eastman Colorand 
Chemical Company. Tlxe electron beam was produced by a Pilot Electro curtain electron beam 
machine provided by Energy Sciences. Inc. The oriented polypropylene (OPP, film ob^jd 
fmm UCB Films. The Z-6040. gamma-trimethoxyaflylpropyl glyddyl ether, was obtamed from 
Oow Cor^gCorporation. Midland. Michigan. T.eSZ-6050isasila„egr^t^po^^^^^^^ 
available from Dow ComingToray SiUcone Corp. (Japan,, and was prepared by ^^^^/^^"^ 
of a 1000 molecular .vdghtpolyethylenimine (SP-110. available from Nippon Sholcuba.. Japan, 
49.3 parts isopropyl alcohol, then heated to 80-90 degrees C. Then 10.2 parts of 
cloropropyltrimethoxy silane were added and heated at 80-90 degrees C for two hours. Thxs 
solution was neutralized with NaMeO. then filtered. 



Multity of 7.46 g. of PEI was dissolved in 34 g. of isopropyl alcohol (IPA,. and 22.54 g. of 

itaconic acid and 35 g. of water was added and stirred to produce a clear solution. 
Asolution of 0.1 g.ofEccotergeEO-100- in 100 ml of 500/0 aqueous IPA was prepared, ^d 50 g. 

of the PEI/ Itaconic acid solution was diluted by the addition of 10 g. of the -ttmg 
solution. The resulting 25 weight % soUds soludon was coated on a corona treated onented 
polypropylene film using a . 12 Myer Rod. . l^e coat weight was found to be 4.7 g./ square meter. 



5 



15 



PCT/BE98/00007 

WO 98/31719 

Th.co,«dHImwasdh«iat ,00-UO-C ™.ul.ingin a dear, ■»>spa»« tackyco.** The 

ai. ™, ««n auWectad » a 10 Mrad dc» o, irS KV ,.»»on. .hTe .t tor^d a ^.h 

film. 

T^, ,ua...y otZ^040 corresponds .0 0.25 „»,.s par mole 0,700 '^'^'^^'f^ 
.,„L«ashea.od at 60-Cfcrtt»» hours, th«>2L978^o,i«oaioa«^«a.add.dr^ 
r, ,„r,PAa„a35.orw.«r. Th.»i«uro»ass*radandac^s„|uUo„-^^^^ 
0 l%tas«ion»hds,ofEoco«rgaEO-100»asadd«l. The aoluBon was d1u«d » 25% by 
^^rlds With 50% a^e^s .PA 0.1% ^ w..h. Ecco.r. .0-100. a„d^»d o„ 
I!„a trea^d OPP mm using a .12 Myer rod and dried a. .00- 1 ICC ror 10 «s. ^ 
Tted nhu was «»„ «a»d wi* 10 Mrad do,, of 175 .CV elecoons, where a cured coaung was 

formed on the film. 

^» ot7.245 g. of PE. was prepared in 25 g. of IPA and 1.22, ^ of Z-6040 was added, 
^lesponds . 0.50 n.oles Z.040 per .oie of 700 n.oiecn^ weigh. PEl. 
!lLed a, 60-C for 3 hours, ,hen21.531 g. of iuconic acid. 10 g. otlPA and 35 g. ofw.^ 
~ed. .,>en,i»ur,wassUn.d.ofonnad^so>u.ion.and0.1%hysohdsEcco«r^E^ 

Too ,vas added. The soiuuon was diiuted to 25% »Uds using d,e diluting soiuuon descnh. m 
l^e 2. it was coated, d.ed, and su^eCed to .he eiec.™ bean, as descrihed u. Exam^2. 
1 led .vas essentia* tact i^. « » re-ative humidi^, the c«»bng ga» 
penneabUi* of 1 10 cc/s,uare „»»r/24 hour. At 80 r^tive hu„.idi», the pe».ab,hh, was 

16 cc/ square meter/ 24 hoiars. 

n;:tn.f 7.101 ^ dfPE.w« prepared in 25 ^ of .PA and 1.7,7 g. of Z.6040 was added »d 
the solution w^n^intainedat 60-C .ar3W The .^d.yo,Z.6040co,re^nds,^^^S 

,»„es per «o.e of 700 moto».ar weight PE.. A tota. of 21.102 g. of itacomc ac.d, 10 g^ ot 

5 g. of water was added and sdrred to obtain a Cear soluUon, and 0. 1% ^^-^ 
EO-lOO ™s added. The soiudon was dUuted, coated on co^na treated OPP. d«d 
as deschbed in E^pi. 2. The c.aSng was quite a«db.e at 0% >e.atn. hunMhty and 
rC"— »-0.,andl,ccMu^n.eter/24hoursatC«and80...eUbve 

humidity, respectively. 

Example 5 ^ :„ 0= „ of IPA and 2 346 g. of Z-6040 was added and 

A solution of 6.963 g. of PEI was prepared m 25 g. of IPA and 2. jwg 

A solution 6 ...fin-Cfor3hours The quantity of Z-6040 corresponds to one 

35 the solution was mamtamed at 60 C for 3 hours, ine q y 

mole of Z 6040 per mole of 700 molecular weight PEL To this solution was then added 10 g of 
mole of Z 6040 per m ^^^^^^ ^ ^^^^ ^^^^^^^ 

IPA. 20.69 1 g. of itacomc acid, and 35 g. oi water, ai . tu» 

E^coterge EO-lOO in the amount cor«sponding to 0. l°/o based on soUds was added. The 
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solution was dauted. coated on corona treated OPP. dried and cured as descri^^ 

The coating hadadrypern^eabrnty of 30.5 cc/s.uaretneter/24 hours. butawetperxneabUxt^ 

only 14 cc/ square meter/ 24 hours. 

S l::^" or e.4S, . o, p. prep.^ in .5 . OT^A, and «S3 -'-^'-^^-^ 
„,„,.cular PEL T1« «.iu«on m«nuu»d at 60-C fcr an« houn^ and 19.188 6.^ 

iconic add was add«l along with 10 8. IPA and 35 g. water. The mi«tu« wa, s-nred to tonn a 
Z so-uaon, and ^ Eccoterge EO-.OO ,n an an,oun. corresponding to 0.1% based on soMs 
ladded. Thesol„,^wa.coa.«i.driecUandc„redasdescn..dinExan,pie2. Theoxygen 

10 p.„neahiHt.wasn>eaau.^.gi.ing58and47cc/«^n«.er/24hou,awhen.twasn,easu.d 

at 0% and S0% relative humidiBr. respe«i»eSr. 

rr^Jn pe-cent coating solution containing poIye.hy,eni»ine, glycidyi n,.thac,,lat. as a 
,™s,i^, and itacomc add in a 1:0.5: 16 moiar ntUo in 50% a,u«.us isopropanol and 

15 containing0.1%"ettingag=ntwasprepared.8follows: 

A solution o< 6. 138 g. of poiyethyienimine, molecular weigh, 700. was prepared ■» ^= ^ "'^ 
ls„p„py,.coho,,then0.623g.of,ycidy>n,ethacyute».added. . 
sldovemightatantbientte^pe^ture. A ,uan.i*of 12.5 g. O,i»p,npan„lconta»»g0^2 . 
ot-Eccoterge EO-lOO" was »lded to the solution, Allowed by 18.24 g. otttacomcaod and 37.5 g. 
ol^ter. Then.i::tur.waasti,redun«.adearso>udon.a,ob.ai„.d. 

tt^tedpoiypropylenefihnusinga.l^Myer™., and the coated 61m was dnedn.alOO oven for 
,0 minutes. ,t was then treats! wim a 10 Mrad dose o, 175 KV electron.. The oxygen 
pcrmeabiliW was 140 and 38 cc/24 hou«/»^ metera a. 0% and 80% relative hum«Uty, 
respectively. 

^Ltions containing the taction product of Z-a020 and pentaerythritol tetraacrylate. 
^th itaconic add in a 4:1:10.4 molar ratio were blended with a solution of polyethylenmune 
molecular weight 1.7 milUon, with added itaconic acid. 

A 20 weight pe:.ent coating solution was prepared in S0% aqueous isopropanol b, ^e foUowmg 
30 method. Asolutionofl0.864g.ofpentae:ythritoltetraacrylate(PETA)inl60g.ofdry 
30 method. g 852 g of Z-6020 was added. The solution was allowed to stand 

isopropanol was prepared and g. oi -t- o 

a. Lbient temperature for one hour, th«. 41.278 g. of itaconic acid was added <^^ '° 
g or water. The minute was adrred to .Onn a soludon, re^ to here as ■So^ut»n A^ 
A 20 weigh. perc»,t ».l«don ot 1.7 million moiecular weigh, polyethylenimm. a«i ..acomc ad 
35 contaimngonemoleoritaconicaddpergramatomotnitn-genwaapreparedasfonows: 

A.OOg.'uanti^ofPo^SK-a24weigh.percn,»lutio„ofal.7mmionmo.ecularwe^. 
polyet^yllimin., obtained from BASF Corporation, was d^uted with 80 g. of itaconic ac^ «h.ch 
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wer« added together slowly. Stirring was continued until a clear solution was obtained. This 
solution is now referred to as "Solution B". 

in a similar manner, a solution referred to here as "Solution C" was prepared fh,m 100 g. of 
•■PolyminSK".67g.water.93g.ofisopropanol.and60g.ofitaconicaad. 

in a similar manner, a solution refe^ to her. as "Solution D" was prt^d ftom 100 g. 
-PolyminSK". 82g. water. 158g.ofisopropanol..and55g.ofitaconicacid. 
Coa^g solutions were prepaid as indicatedl.low.andappUed to corona treated pol^^^^^ 
mm to giveacoat weight of3.0-3.5g7squaremeter.driedinacirculating air oven for3 
^utes. then treated withalOMrad dose of 165 Kvelectr^nsusingalaboratory model elect^^ 

beam generator suppUed by Energy Sciences. Inc. V.. permeability values are given m 
nr I «:nuare meter / 24 hours. 

^p.el: 60 6.Soluuo„A*40i.Sol.,io,.B. Th, o^«.n pcn^bU.^ wa. 0.2 at « r=^uv. 
humiditv and 59 at 80% relativity. 

~ 40 g. Soluuon A . 60 . Solu.o„ C. The ox^en ^nneabiU^ - 2.0 a. 0% ,.la»e 

humidity and 61 at 80% relativity. 

^...3: 240,.SoIu,io„A*80..So,u.onD. Th, o^gen pe^eaM^ »a. 0. 1 a. 0% relate. 

humidity and 81 at 80% relativity. ^ . » 

L « ,-10, solutions we. coated »ith.an RK coat. »^ titied for 10 ^.utc. at 
^ ten-peratute before .«ing pa«ed through a dt^ng «»mei a. 60-C, 5.n,mm ^m, 
Ten — .e.y ^ ^D, at a voltage of .70 KV and a dose oT.O Mtads. .n ^ « 

e^mples, SZ-6050 Is a silane grafted polyethyletmnlne available from Do» Commg Toray 
Silicone (Japan), 

^THf a solution »' ""^ " '^h 

6050 SC«, solid, in IPA. 3.68 g. NaCl ««e produced by the neutraii^tion and 
^ cenoiiU^g the soludon. Ihe resulting soluuon was diluted to 30-/. soUds by •^^"^ "•^J 
IPA by 100 ^ of «.lution. 10 g. of the neutrali^d SZ-6050 (30% soUds, were reacted wrth 7.65 g. 
Itacolacidanddilutedwith 30.175 g. wat„ and 23.175 g. 

weights were n.^ured by weighing the fihns before and after washing them o« w,d> NaOH 5 

in IPA/MeOH/water (1:1:1). 

Neuti^ed SZ-6050/ITA (1/23) 

K-bar Coat«.eight (gsm) Dry OTR WetOTR 



Yellow 
Red 1-40 



0.69 59 



96 



> Green 3.03 125 

7.21 133 



43.4 
14.2 
4.75 
0.15 



Orange 
Brown "^-^l 



200 measured 
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^^P^*" ^° , M . n ■ 1 n P PEI of 25 000 molecular weight were added 

oiri/rrAfl-5811 15% solids inlPA/water (1:1). 10 g.PEIol23,uuu 

PEI/ITA U ao^J- . , u I Afi Q fir water This corresponds to 1 

to 30.2 g. itaconic acid in 46.9 g. of isopropyl alcohol and 46.9 g. water. 

n.ole of itaconic acid per mole of nitrogen. ^ 



K-bar Coatweight (gsm) Di7 OTR 

Yellow 0-69 
Red 1-^ 
Green ^-^^ 
Orange 

Brown "^-^^ 



0.58 
1.60 
3.27 

7.00 NMn 
10.83 



136.7 
37.9 
10.7 

0.14 



Brown • , . t 

n coating in same c-mdiaon, «ul»d in a co.t««gM of about 7 gsm. 

, .HR , or o„l,«hyl.nimi»e »ith a molecular ««ght of 25,000 was prepaid in 85 
. solu^on ; ' .„ ,0.100-. A ouantit, of M2 g. of itaconic acid 

g. stirred to p« a clear solution, 

and 2.566 g. Of fu.nancacui«»eth» ^^ ^ ^^_^_^^^ 

The solution was coated on corona treated urr mm u s jH„„rfl75KV 
„^driedinanove„a..0.100.Cfor '» ""^ ' '" "'^f^;';^ , 

.icotrons. The sample afer t^atment ,^d. the electron .earn was taC it- and had a d,. 

o;5^en petmeabilily of 55 cc/squaie me.er/24 hours. 

m'!f 3 729 g of polyethylenimine with a Molecular weight of 25,000 was prepared in 85 

A solution ol J. / .^y g. o» pu»j>=" J r n 071 ET of citracomc 

. J A ni c „ „r "Freoteree EO- 100". A quantity of 1 1.27 1 g. oi ciirai-oii 
g of water which contained 0.015 g. of Eccoterge ilkj lyj m 

thstinin* to give a clear solution which was coated on corona treated OPPfUm 

acid was added with stimng to give a 

. .lOMv^rod Thecoatedf>lmwasdriedforlOminutesmanovenat90-100Cand 

Tti^^r :tordoseofl75KVel...o.. The cured coated i^nt had a dt, o.gen 
penneability of 12 cc/stpiare meter/24 hours. 
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4. 



Composition comprising: 

„ ett,yl««cally u„satu««i add and a poly»ni»= ch«racKn«d in tha. the cn^n 
has a cro==linker r.act«i th»cin and in the said polyamine has fcur or more ^ B, 0^ 

units, where: ^ 

A is an .r2 - N(R1)2 unit. B is an -R^ - N(r2-)2 unit, and C is an (-R2)3N - unit. 



where: 



wnere: 

Rl is independently selected from hydrogen, alkyl. substituted alkyl, aryl. 
substituted aiyl, aiylalKyl, and alkyiaryl, and 
r2 is independentiy selected from the group consisting of: 

linear or branched alkylene groups or substituted alkylene groups 
having from 1 to 18 carbon atoms, and 

arylene groups or substituted arylene groups having from 6 to 18 
carbon atoms. 

2 CompositionaccordingtoclaimLcharacterizedinthat the molar ratio of nim,gen atoms 
on the polyamine to the acid groups on the ethylenically unsaturated acid is from 10:1 to 



1:100. 



composition according to claim 1 or 2, characterized in that the composition .s dissolved m 
a solvent and the solvent is selected from the group consisting of water, alcohol, ether 
derivatives of mono and poly glycols, andmixtures thereof, and the solvent constitutes 60- 
95 parts by weight of the total composition. 

composition according to anyone of claims 1 to 3. characterized in that the ethylenically 
unsaturated acid is selected from the group consisting of itaconic. fumanc. maleic. 
dtraconic. acrylic. methacryUc. and cinnamicitaconic acid monomethylester. 

vinylphosphonic add. mesaconic add. sorbic acid, and vinyl sulphonic add. and matures 
30 thereof. 

5 Co„pos,Bon. according to anyone of claim, I » 3, cha««cri«d in a>a. rho 
unsaturated acid is a dicarbo»ylic acid or a monoalkylester thereof. 

3S 6. Co,nposi.iouacc»dingtoanyoneofclai»alto5.chaxac,eri«dinthatmecomp»^^^ 

includes an additive. 
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7 composition according to claim 6. characterized in that the additive is selected from the 
group consisting of antiblock and sUp aides, polar additives, a silane. an acrylate or 
methacrylate. polyethylenimine, glycidyl methaciylate. glyddol. ethyleneglycol 
diglycidylether, bisphenol A diglyddylether and wetting agents. 

8. composition according to anyone of claims 1 to 7. characterized in that the polyamine is 
polyethylenimine. 

9. composition according to claim 8. characterized in that the polyethylenimine has a 
molecular weight in the range of 600 to 25,000. 

10. composition according to anyone of claims 1 to 9, characterized in that the crossiinicer is 
an organic crosslinker. 



11. 



12. 



13. 



composition according to claim 10. characterized in that the organic crosslinker « selected 
from the group consisting of: multifunctional acrylates. methacr^^ates. epoxides 
isocyanates, thiocyanates. acid halides. acid anhydrides, esters. alkyl halides and 
aldehydes, and combinations thereof. 

composition acconiing to anyone of claims 1 to 9. characterized in that the crosslinks 

reactive silane having the ^neral formula QSiRni(0R)3-m. 

wher* Q contains a group selected from the group consisting of 

aczylates, aldehydes, methabiylates'. acrylamides. methacrylamides. isocyanates. 

isothiocyanate. anhydrides, epoxides, acki chlorides, linear or branched 

halogenated alkyl. and halogenated aryl, 

and m is 1. 2 or 3. and R is a group having 1 to 4 carbon atoms, 
and in that said composition has optionally been neutralized. 

composition according to claim 12. characterized in that the reactive silane is selected 

from the group consisting of: 

gamma-acryloxypropyl trimethoxysilane; gamma-methacryloxypropyl 
trimethoxysilane, 3-glycidoxypropyl trimethoxysilane. chloropropyl 
trimethoxysUane, chloropropyl triethoxysilane. gamma- 

isocyanatopropyltrieth^^ilane. vinyltriethoxysilane. vinyltrimethoxy silane. vmyl- 
tris-(2-expoxy cyclohexyl) silane and ethyltrimethoxy silane. chloropropyl triethoxy 
silane. chloropropyl ethyldimethoxy silane. methyldimethoxy silane and 
glycidoxypropyl methyldimethoxy silane, and 
said composition has optionally been neutralized. 
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14. Composition according to anyone of claims 1 to 13. characterized in that the composition 
is coated on a substrate. 

15. Method for the manufacture of a substrate having barrier properties comprising the steps 
of 

(I) coating a substrate with a composition according to anyone of clamis 1 to 14; and 
pi) treating the coated substrate of step (I) to initiate a free radical reaction. 

16 Method according to claim 15. characterized in that the free radical reaction is initiated by 
electron beam radiation, gamma radiation or ultraviolet radiation, optionally m the 
presence of photoinitiaiors. or said free radical reaction is initiated thermaily in the 
presence of a free radical generator. 

15 17 Method according to claim 16. characterized in that the treatment of step (11) is performed 
by electron beam radiation at from 5 KeV to 2000 KeV and greater than 0. 1 Mrads. 

18. Method according to claim 17. characterized in that the treatment of step (H) is performed 
bv electron beam radiation at 150 kV and at least 5 Mrads. 



20 



19. Method according to anyone of claims 15 to 18. characterized in that the coated substrate 
of step (I) is heated. 

20. Method according to claim 19. wherein the coated substrate of step (I) is heated in the 
25 presence of moisture. 

21. Method according to anyone of claims 15 to 20. characterized in that the substrate of step 
(I) is treated with a primer. 

30 22. Methodaccordingtodaim21.characterizedinthattheprimerisselectedfromthegroup 
■ consisting of a silane. polyethyienimine. and carbodiimide. 

23. Method according to anyone of claims 15 to 22. characterized in that the substrate is 

selected from the group consisting of polyolefms. including oriented polypropylene (OPP). 
35 cast polypropylene, polyethylene and polyethylene copolymer; polystyrene; polyesters. 

including polyethylene terephthalate (PETT). or polyethylene naphthalate (PEN); polyolefin 
copolymers, including ethylene vinyl acetate, ethylene acrylic acid and ethylene vmyl 
alcohol (EVOH). polyvinylalcohol and copolymers thereof; polyamides. including nylon, and 



24. 
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MXD6; polyimides; polyaoylonitrile; polyvinylchloride; polyvinyl dichloride; polyvinylidene 
chloride; polyaciylates; ionomers; polysaccharides, including regenerated ceUulose; 
siUcone. including rubbers or sealants; natural or synthetic rubbers; glassine or clay 
coated paper; paper board; craft paper; and metallized fflms and vapor deposited metal 
oxide coated polymer films, including AlOx. SiOx. or TiOx- 



Method according to anyone of claims 15 to 23. characterized in that the treated substrate 
of step (11) is disposed on one or more additional substrates to form a laminate, and said 
additional substrate or substrates are optionally treated with a primer. 

Method according to claim 24. wherein the additional substrates used to form the laminate 
are selected from the group consisting of polyolefins. including orienied polypropylene 
(OPP). cast polypropylene, polyethylene and polyethylene copolymer; polystyrene; 
polyesters, including polyethylene terephthalate (PET), or polyethylene naphthalate (PEN); 
polyolefm copolymers, including ethylene vinyl acetate, ethylene acryUc acid and ethylene 
vinyl alcohol (EVOH). polyvinylalcohol and copolymers thereof; polyamides. including 
nylon, and MXD6; polyimides; polyacrylonitrile; polyvinylchloride; polyvinyl dichloride; 
polyvinylidene chloride; polyacrylates; ionomers; polysaccharides, including regenerated 
cellulose: siUcone. including rubbers or sealants; natux^ or synthetic rubbers; glassine or 
clay coated paper; paper board; craft paper, and metallized films and vapor deposited 
metal oxide coated polymer films, including AlO^. SiOx, or TiOx- 



26. Packaging container comprising at least one barrier layer forming an integral part of said 
packaging container, characterized in that said barrier layer is formed by 

25 (I) coating a substrate with a composition according to anyone of claims 1 to 14; and 

(H) treating the coated substrate of step (I) to initiate a free radical reaction. 

27. Packaging container according to claim 26. characterized in that the container is selected 
from the group consisting of: pouches, tubes, botties. vials, bag-in-boxes. stand-up 

30 pouches, gable top cartons, thermo-formed trays, brick-packs, boxes, and cigarette packs. 
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